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Abstract: [Objective] As phytolith-occluded organic carbon (PhytOC) plays a unique role in the reduction of

atmospheric CO, contents and the mitigation of the greenhouse effect, this study, with a comparison conducted
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of the PhytOC sequestration potential of masson pines( Pinus massoniana) of different provenances is aimed at
the selection of the Masson pine with the highest PhytOC sequestration capacity. [Method] With masson pines
of twenty provenances(twenty regions in 11 provinces ) chosen at Laoshan Forest Farm which is located in
Chun’ an County of Zhejiang Province, an analysis was conducted of the contents of total OC, phytoliths,
PhytOC as well as the trunk biomass of masson pines to highlight the differences of sequestration potential of
masson pines of different provenances. [Result] (1) The contents of total OC, phytoliths, PhytOC, and
phytolith carbon mass fraction in the trunks of masson pines were in the range of 467.6—489.6, 0.305—0.845,
126.8-210.2, and 0.049—0.128 g-kg ' respectively. (2) The trunk biomass and PhytOC stock in the trunks of
masson pines were 76.48—295.39 kg-plant™' and 4.83-31.58 g-plant™', respectively. (3) As was shown in the
cluster analysis, the chosen masson pines of 20 provenances can be divided into four categories: a. Hubei
Tongshan 84, Guangxi Gongcheng 111, Jiangxi Jian 63 and Guangxi Cenxi 115 which demonstrate the
strongest PhytOC sequestration capacity; b. 7 provenances including Henan Tongbai 21, Hunan Anhua 72 and
Guangdong Xinyi 105 which demonstrate relatively strong PhytOC sequestration capacity; c. 8 provenances
including Zhejiang Chun’an 56, Guizhou Duyun 123, Fujian Yongding 95; d. Zhejiang Qingyuan 54 which
demonstrate the weakest PhytOC sequestration capacity. [Conclusion] Significant differences were shown in
the content of phytoliths, PhytOC, and carbon content of phytolith in the trunks of masson pines of different
provenances (P<<0.05). Guangxi Cenxi 115 demonstrated the highest PhytOC sequestration capacity and should
be promoted in plantation in the ecosystem of masson pines so as to increase the sequestration amount of
PhytOC. [Ch, 3 fig. 2 tab. 35 ref.]

Key words: masson pine (Pinus massoniana); provenance; trunk; phytolith; phytolith-occluded organic carbon
(PhytOC)
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1.1 R

WF 5% X A7 F Wi VA v 4 BT 5 0 2R B X B Ll AR 3 R R B TR 56 AR (29°33'307N,
119°02'55"E), HigkbH TG IX, Wi, PR, RSN 17.0 °C, =10 C AR R
5410 °C, 4EFH H B 1951 h, 4EMEKE 1430 mm, JCREMI 263 do 18 LAk B 0938 56 b 7 4K
150 m, 3EFE 20°~30°, +HEMLIIERAYIELIET S, HHEEE 80 em LU L, HHEAHLI 15.80 g-kg !,
BRfif &L 53.50 mg-kg ', HALHH 18.50 mg-kg ', A AUWE 0.99 mg-kg ', 2L 128.00 mg-kg ', A&t
B 924 mg kg,
1.2 K&t

1984 4%, TEWEILMIZHAE T3 H 14 DA X 49 DT AR 1 AEAEBARET, RITXII/NX 584
BEMLHES, T4 8 UK (8 #K), MRATHE 2 mx2 m, B HEME—2, FHLATH IR A . 05 A0 D R AL Fb 20
2017 4 12 A XHRAESELF ) 20 A5 BASFPIEAERE A T84 . R, R RARME , 158018 FhE I3
A, HEHLIEEE 3 AS/NX, BRI 5T AR 1) 3 BRAEARVE AR, N T30 HUbR o o
MR TRESL A, B 5T Al S0 = e A B KPR, 105 °C /7 25 min, 75 C ML 48 h,
BERRIS T EHASRAE . B 2018 4F 4 H, FRUCIRAR 20 N FIiE M4 5 7 S ARAGE 1Y 3 MR R B AN 3
TR HURE, HUS AR 58 7 1] S 56 2 A T S R Ab B, BT
1.3 H@HHh

BT A R AL 5 B8 A1 &K Elementar Vario MAX CN B & JC 2 0 ASUIN 58 5 A 0 AR A Pt 2 LR FH
T W AR, O T R AR IO AR I AE e T 3 A ekl , VRS R FDSUEUK KL A AT AL 3, Ptk
FE e T s AR AR A B A MRS (%) 000 5 ) R A Bl R R 58 T ik o 398 WL R P T A I 8 1 fin A
D2 5 Bt R AR T A 5 A8 RSk Bray 35 005E 5 Sl R H BRI HE,  KIAIERETEIAE 5
THAERS | BERFH EDTA i g g 2,
1.4 HIEMITENST

W= s T s Wi ATEREIR BT 040 (g ke ™), mygpep HAEEEIR BT EE (2), mpp s HHAE
mn TR (K)o W pLm=mas pLm/ Mot i » Hr, Wﬁmﬁj{l*ﬁﬁiﬁxﬁ‘ﬁﬁ$ﬂﬁf}%ﬁﬁﬁ\ﬁ (g-kg ), M A AR
EARA LR TR (2), mygpe MFREIR IR (kg)o FEL, winsemm=mrmm/mepes > FeH s wigge e W AEIEPR
BB (g ke o Cruppihn=Brs > Wisk e S5 Cpppra WPREM TAREEARRIAR B (2 #K ), By
HR T AR (kg M. 3IRER, BCFHIME. Bl b SPSS 18.0 581, A Duncan i & i 22 k5
AN AL E Y 22 5 e O R RE IR T R A 8. A RE IR B ML T 2 B R G 16 B T SR IR
1T O IR HT

2 HEREAM

2.1 ARDEMRMIENT 2GR EEE EEEHTEENRURERERRES B E

F 1 WK 20 DI EASFEA T RS A LR BT B W 25 S, HAREE Ll 467.6~489.6 g+ kg,
1T AE AN () B 5 A% T 4B R AR T R SR R 3 22 5, RIN L RURT 32(0.845 g-kg™). M B
122(0.702 g- kg ") W& m THIALHELL 84(0.465 g+ kg )(P<<0.05), Mim# X W& m T 4FLIE 102(0.305 g-kg )
(P<<0.05) ANIF)Ey FEAABI UGN AR A AR B 47 A LA T 12t 73 B AR A Bk 126.8~210.2 g-kg ™!, fA7ERE
255 (P<<0.05), H&THEREACE 77 A HLER R 0BT 6 35 22 63(210.2 g-kg ') e, B3 TR E AR Et
91(172.4 g- kg ") (P<<0.05), J5#& X i & & THiiLKIC 54(126.8 g- kg " )(P<0.05). 20 > B WA Fh G T4
TR AARB 4 B AV B R 0.049~0.128 g-kg ', WAFTE R E 2557 (P<<0.05). BT HE Ak AR o 12t 70 B LA
BRI 32(0.128 g kg ™) fe i, B T M BF 124(0.076 g- kg )(P<0.05), F#H X BEH T HILE
102(0.049 g+ kg )(P<0.05).
22 AEDEMRFIEBRGHNTEREREENER

2 ATH: 20 A Sh R AN T 2 A R AR i AR AU L R 430 17.1~32.3 em 1 16.3~19.5 m, SR
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Table 1 Comparison of the contents of total organic carbon(TOC), phytoliths, OC in phytoliths, and phytolith in dry matter in trunk of masson pine from

different provenances

RS BAPUR/ (g ke ™) TEREM/ (g kg ™) TRERE A DL/ (g ke ™) FEREARR/ (g ke ™)
A2 489.6+22.6 a 0.421+0.049 cdef 188.9+16.8 abc 0.073+0.020 cdef
TRRF32 485.9+5.4 a 0.845+0.033 a 148.0£15.9 de 0.128+0.008 a
TREIE33 4785139 a 0.368+0.075 def 167.5+16.8 cd 0.059+0.013 def
WrILPITS4 484.0+14.3 a 0.519+0.057 ¢ 126.8+11.8 ¢ 0.070£0.016 cdef
WTLTEE56 4741499 a 0.437+0.062 cdef 148.4+14.2 de 0.0640.004 def
TLVY 2463 483.5x14.5a 0.380+0.094 cdef 210.2426.7 a 0.070+0.009 cdef
Wirg k72 488.7+4.8 a 0.330+0.026 ef 177.2421.6 abed 0.058+0.006 def
WIr 952474 478.3+10.8 a 0.405+0.075 cdef 167.2424.7 cd 0.066+0.003 def
281 477.5+14.0 a 0.388+0.079 cdef 183.4+16.4 abcd 0.067+0.006 cdef
L 1L 84 4755434 a 0.465+0.119 cde 204.5+11.8 ab 0.091£0.026 be
fEEEAREo1 475.8+13.6 a 0.4100.082 cdef 172.4+10.0 bed 0.069+0.021 cdef
TRERIKE 95 467.6+8.2 a 0.395+0.094 cdef 147.6+22.1 de 0.051+0.002 ef
JTARFLIE102 479.9+109 a 0.305+0.074 f 162.2+18.3 cd 0.049+0.013 £
I ZRIEH105 476.5+10.2 a 0.481=0.069 cd 194.1+19.3 abc 0.111=0.024 ab
IR S 3R 474.7£10.5 a 0.396+0.036 cdef 205.1+15.5 ab 0.081+0.008 cd
JTVEAELLS 472.945.0 a 0.519+0.033 ¢ 205.7+5.5 ab 0.107+0.010 ab
B 122 476.5¢11.6 a 0.702+0.103 b 187.6+33.7 abc 0.121+0.009 a
FUMNEST123 476.6+8.2 a 0.364+0.002 def 148.5+5.5 de 0.054+0.002 ef
BHELT-124 469.142.8 a 0.465+0.119 cde 187.0+27.6 abc 0.076+0.001 cde
PO RE Y131 47712129 a 0.335+0.043 ef 190.3+19.2 abc 0.059+0.010 def

B R BB AR s RIS TR A [l Rl ] 22 53 2. 35 (P<<0.05)

FrfERRE R T A2 W e R 2 T T 4R 115(295.39
kg #kY), E ARG AT 21(76.48 kg R H
FEARARHERRAY T AE A ATk i 2 o o A ) P A
115(31.58 g+ #K "), Il 2iimZfk 72(4.83 g+ #571),
& =G H 1 6.54 5.
2.3 AEBEMRFIEBRAETEIREXES T

B M R B AR T) D R R R R A T
A R 5 5 A e AR A7 WL It 0 B0
FHOCIC R, AR ek AR It 4 00 5 ek AR i o 2t 4
B AL B IE A (R>=0.751 3, P<<0.01). 201>
T JR2 WA o TR 118 s AR A 1 A A e it i 5 LA T
) (R=0.607 3, P<<0.01) SCA T A8 ik 745 5
8 (R?=0.438 8, P<<0.01) Z [a] ¥ 5 4% .3 1F
FHOG, T S B BR AR A I 55 A A Ak A o
OTEL. AEREIRERAT B TCAOCC R (K 2).
2.4 AREDEMRFIERS MR FIFEIERE

FF LRGSR, RIS AN A HURR BT 5 55
B TR RE R TT S AR ARLRE IR AR A HLRR BT
P BEIR PRI EIERT 20 DA T O B
F b (8 3) LA m 420 BRE AT LUK 20 4 Fh
PERI ok 42, 55 1 oG 1 84, [ VEAS IR
111, JEPE35 % 63 LI PEAR 115, RN
Fh IR E A HLEK o 50 BCh 472.9~483.5 g-kg ', HH
R B A7 ALK BT 6 43 B0 . O 204.5~210.2

x2 ARSEMMIERERN T EEERREE
HIEEER

Table 2 Comparison of PhytOC stock in trunk of masson pine plant

from different provenances

FhE Mot/ e WTEYE PRERREAEA

cm m (kg ¥R BRfGEE/(g BT
W2 171 17.0 76.48 5.61
LRORE32 218 17.0 124.85 16.03
ZROEE33 225 190 143.76 8.54
WHLKITS4 261 19.1 195.11 13.64
WILE%56 211 183 122.59 7.88
TLPEE %63 208 174 114.65 8.08
WELr2 180 165 82.77 4.83
WIFE%E2474 267 182 197.10 13.01
WtimZs1 215 188 129.52 8.70
WAELS4 225 185 141.33 12.93
FREHRIROT 272 192 212.87 14.60
HREKEIS 284 189 229.44 11.79
JUARFLILI02 288 195 241.78 11.94
JUAREEL05 2501 193 182.05 20.23
JUVERSIRIIL 293 193 247.94 20.08
JTPEAREIS 323 186 295.39 31.58
SUNEF122 223 184 137.86 16.68
BONARAI123 196 172 100.83 5.45
SUNESF124 241 190 164.73 12.55
PUJIEEILI31 202 163 103.33 6.12

BT T A AR SR B A
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Figure 1 Correlation between phytolith contents and OC in phytoliths(A), PhytOC contents in dry matter(B) of masson pine trunks
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R A B I A3 B A S R, o 0.070~0.107 ge kg™, AR Th A TR REMAR AR Aif 1Ry
58 g bk, A TIUAR 115(31.58 g- bR PR AR REIRBR K R s 5 2 KB EMMIEE

FETT R A 21, IR 4k 72, T &RASH 10548 7RI, R T B AN R IR A ALER B Bk
469.1~489.6 g- kg, W TALREIAREEA LB B R 080N 177.2~194.1 g-kg™', AHRERER B 080N 0.058~

0.121 g-

kg™, ARUERR T RASR TR REIRBRAE B h 4.83~20.23 g Kk A5 3 S NUITLIEEDE 56, M HRA

123, fREKE 95, LR 32 45 8 AP, X 28T ERANFP IR S AT HLAR BT it 7380k 467.6~485.9 g-kg ™',
W R B A7 DL R 0 B0h 147.6~172.4 g-kg ', AEREAARRR R 553500 0.049~0.128 g-kg ', Arifitk
P AR i AR 58 5.45~16.03 g- ¥k "5 WIVILERIG 54 R4 4 ST RANFRIR, A TR Ak Acms £ 77 Ak
25, PRI 50k 484.0 g- kg™, MEREARB A HLIR BT 43500 126.8 g-kg ', AEAEMAAR T 2 43
BN 0.070 g-kg™', FRAERE T RIAE R IRfE N 13.64 g- BK '
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Figure 3 Dendrogram of hierarchical cluster analysis for tested
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R P LAk AR I - BSCRIATE A AR Al S5 2 0 5 S W 8 25 ) AE AR G (R=0.751 3, P<<0.01), X5 [ WE $4iy
L A A R BR BIT 5T 45 R CY R84 Pleioblastus amarus MRBRICHIBTIT4E 2 —35, FE I ARRR T/ 204K
W2 B HAMZ R R RN, SONG 5 X AN [F) AR B Ak A B AF AT A AE AR R ARk I3 o 73
B RE TR S B AEAR OCE s LLAED R R B A A R ARl I £ 0 504 5 4 0 R AR P — 4Rk e 1)
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32 DERESESGHEETRFEENTZMEER

Bk o R AR AR R AR i F 2 Hh B T A A B R ek AR iR i ORI R A5 2010, 20 A5 B AR AR
) s T AR B A R A B i 5 O T AR R (RP=0.607 3, P<<0.01) =5 fif A % 5t 0 % (R%=0.438 8,
P<<0.01) Z B BFELEN 0 35 IEAR DG, BERAARIERE S R AA TR AR AR T 7E— e B LA B B B T2E
Yy it FIARL AL AR B T o 43 5 () G I S 3G M e 35 T 5 ERASARERR 0 i SR AR RE A 0T 54085 AELRE
R fERETCAHOCOC R, X AT e R AR AR 1 B [k EE ) A E RSCR AN R 3500 .

ARHFGE 20 A4~ 5 AR FR IR M R AR AR BT R B A 0.165~0.520 g kg ', B T L R AA R A
kA 0T 1 40 4 (0.049~0.128 g-kg ™), MR AW EEH N 7.53~18.90 kg- k™", W AP ETEH N 76.48~
295.39 kg k', AR WORPRERR I R R Ak AR At R VO L 1.67~9.22 g+ #K ', BRUERRAN AR AR Bk £
BN 4.83~31.58 g- ¥k, ] WA T 5 K1) A i o R Rk A B s 2 ) B R K
3.3 HEEAHREENARNMNFMEZANESR

Tk AR A o PP M ) A 75 2R e IR AL e AR R B A7 08 T i — A B8 bR, HAUNA U SRRk
A, T HIE SEPRNEA . 5 PR 0 IR A RERBR A B LU R L. BRI EAT Phyllostachys
edulis PRAERERRIAS 2 B/ INAZ AR M RE ARG 12 1Y) 6.8 A5 145 8 A= AT Ml b5 oAl ek AR A AT
K. ANEATRE 25 8%, & KR Phyllostachys glauca 8 ik 1 Bk it & 2 F /N 10 & 547
Phyllostachys prominens FEEE R AE F: 11 10.8 £50% 5 ARHWFGY L AN bR AE R AT T HE R (AR Bk i 1 di v A S22 )
PEAR 115, HRARMEMRE 221k 72, BIFRIEE M 6.5 . LRGSR . HLAEATR i 76 A R R R A
PR Z A E ER2E S, M R —FP IR AR A S RGO UL, A T AEIE I 3k 46 o R ek AR B et (R PROA
SR KRG I LR Rk AR A 7 1

4 ik
20 A~ T ERFAFI A T HORRE (R 05 ACRE B FE T LR 0 8 L TR A e P R i Bt 25
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